We rewrite the O(3) nonlinear sigma model in 2+1 dimensions in terms of SU(2) matrices, thereby solving the constraint.
The model as formulated with the n-fields has two unattractive features, the constraint field A( x and the non-locality of the Hopf term. In the CP1 ) formulation, one makes the map7 n' = ZtZZ with 2 a two-spinor (a, p) and the resulting Lagrangian becomes
. 
We will find maps of the nonlinear sigma model with the same symmetry but without the X(x) fields and a Hopf term that gives manifest integer solutions to lowest order in 8. We will find indeed that the Hopf fibrations are expressed uniquely as &(SU (2)).
II. Principle
Chiral Maps From The CP1 Model
The complex field 2 = (o, p) with the constraint ZtZ = 1, describes S3
which is isomorphic to SU (2) . The most general definition of an SU (2) 
The constraint ZtZ = 1 thus implies UtU = 1 which is implemented simply via the expansion U = eiea(z)T' where the r" matrices are the 2 x 2 Pauli matrices. All we have done is to rewrite the nonlinear sigma model which is a
SO(S)/SO(Z) mod 1 ' t e an o one which is SU(,!?)/U(l).
Whereas the CP1 map uses a fundamental representation to do so, we have used an adjoint representation.
The kinetic piece in the Lagrangian becomes in terms of the principle chiral fields, L = Tr(a,Ubw) + ~Tr(ut,a,u)Tr(Uto~a"U) (9) which has the SIJ(2)~l~b~l x U(l)Local symmetry with U + UG for G cSU(2) , and u j eie(z)a~u .
Introducing gauge fields to make this explicit, our Lagrangian becomes
where D,U E (a, + iA,a,)U. 
The Chern-Simons term is thus given by c -' EP"~A&,A~ cs = gr2 (13) = -e~"YXT7(Ut~~a,U)Tr(a,vt,a,u)
+ qe"> .
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Noting the following identity, / d3x-E~u~Tr(Utaua,u)Tr(a,Uta*a~U) 
III. Principle Chiral Maps from the WFields
The map from the previous section picks out an arbitrary direction along the the z-axis. Motivated partly to eliminate this specific choice, we start with the following definition,
where the three-vector k is some constant vector. One easily confirms n2 = 1. 
We can simplify the Hopf term by using identity (14). Therefore, we get the winding number formula for QCD vacua again, L e~"YXTr(UtapUUtauUUta,U) . 
IV. Solitons and Instantons
Let's first look at the soliton solutions in the U(x) fields. The Hamiltonian becomes, neglecting the toplogical term,
where i = 1,2. For time independent solutions in the A, = 0 gauge, the energy
Using the inequality,
We find the energy is given by
The right-hand side is a total derivative (in fact, the quantized topological charge) and for U's at the boundary given by i6(6) r4
U=e G, the right-hand side of (32) becomes 
The mfields are directly proportional to the k;vectors at infinity and at the origin, Table 1 .
V. Conclusions
We have rewritten the nonlinear sigma model with Hopf term using principle chiral fields. This can be done either starting from the mfields or the CP1 fields.
The Chern-Simons term to lowest order is manifestly an integer representing the Hopf instantons. The solitons in this language also satisfy a Bogomol'nyi identity.
It is expected that higher order terms beyond the winding number expression are the relevant terms that stabilize the soliton against quantum corrections. This is the subject of our current work.
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